I. Introduction
Most studies of household spending patterns use income as a variable in some way. For example, Moehrle (1990) compares expenditures for older workers and non-workers in different income groups. Sawtelle (1993) uses a linear demand system to estimate income elasticities for several goods and services. Many studies have also found that income is related to the probability of events as diverse as the consumption of wine (Blayloek and Blisard, 1993) to the purchase of a home (Gillingham and Hagemann, 1983; Brownstone and Englund, 1991 ). Yet, nonresponse to income questions is a common problem in household surveys, including the U.S. Consumer Expenditure Survey (CE). As a result, some authors use total expenditures as a proxy for permanent income (e.g., Nelson 1988; Branch 1993) .
Other authors focus on improving income data directly. For example, Eltinge and Yansaneh (1993) pursue weighting adjustment as a method to estimate mean consumer income.
Paulin and Sweet (1993) experiment with model building to estimate wage and salary income for individual non-respondents. But neither of the income-adjusting studies directly uses expenditure data to impute income. Presumably, each approach has certain advantages and drawbacks. Although using expenditures as a proxy for permanent income is a simple, straightforward method with some justification in the literature (e.g., Houthakker and Taylor, 1970) , total expenditures are not perfectly correlated with income, and may not be useful to studies where transitory income effects are important. Similarly, the income improvement methods fail to include a variable that may have significant explanatory power in an imputation framework. On the other hand, if expenditures are used to predict income, then results of regressions of expenditures on imputed income may be biased. How much does the use of expenditures improve estimates for income? Which expenditures (if any) should be used to predict income? These issues will be explored by comparing statistics, such as R 2 and mean square errors, of models using no expenditures, total expenditures, and individual expenditure categories, such as food at home, for single persons who earn primarily either wage and salary or self-employment income.
II. Background
The Survey. Sponsored by the U.S. Bureau of Labor Statistics (BLS) and collected under contract by the U.S. Bureau of the Census, the CE is the only major U.S. government survey to collect detailed expenditure and demographic data from families. The information is collected in a series of five quarterly interviews. Income data are collected in the second and fifth of these interviews.
Currently, consumer units (Appendix A) are divided into two groups:
"complete" and "incomplete" income reporters. Itowever, complete income reporters do not always provide a full accounting of all types of income. As a result, these classifications do not completely correct for the problems caused by missing data. For example, many groups of complete reporters are shown on average to spend more than their reported incomes. It is hoped that imputing data to replace missing income values will improve the quality of the published CE data.
Imputation Strategy. Lillard, Smith, and Welch (1986) and David, Little, Samuhel, and Triest (1986) examine the hot deck procedure for imputing wage and salary incomes in the U.S. Current Population Survey (CPS). However, the CE sample size is too small to use hot-deckingo Model-based imputation is an attractive alternative. It is well-grounded in statistical theory, and may have some advantages over hot decking:
"The modeling approach allows a ready transfer of empirical results from research and can be updated as easily as the hot deck," and "modeling appears to have slightly lower mean absolute error than the hot deck that is based on the same information" (David et al., p. 40) .
But the problem is more complicated than just selecting an approach. An assumption as to the type of non-response evident in the data is critical. Using the terminology of Little and Rubin (1987) , the response mechanism may be classified as MissingCompletely-at-Random (MCAR), Missing-at-Random (MAR), or Non-Ignorable Non-Response (NINR). If the mechanism is MCAR, the probability of nonresponse is identical for every respondent in the survey.
If the mechanism is MAR, then the probability of non-response may be related to the demographic characteristics of the respondent, but not to the response variable (i.e., income).
If the mechanism is NINR, the probability of response is directly related to income. The mechanism is assumed to be MAR in this study for several reasons:
1. Although some research (e.g., Greenlees, Reece, and Zieschang, 1982) concludes that the response mechanism is NINR, later research (Crawford 1989-90) Multivariate analysis is needed to obtain analytical solutions to simultaneous non-linear equations and to generate random variables with replacement.
The reasoning listed above (especially number 3) also holds true for this stage.
Two income sources are studied here. Wage and salary income is focused on because about two-thirds of complete reporters report wage and salary earnings. It is also assumed to be the most accurately reported type of income, since people generally have a good idea of their wage or salary level. This may not be true of other types of income.
Self-employment income is studied both because it is a major source of labor income, and because it fluctuates more than wage and salary income; therefore, each source may be differenty related to expenditures.
HI. Modeling Issues
The Sample. Single persons are studied. There are no questions about intra-household resource sharing or other interactions among persons when incorporating expenditures into the models. Singles constitute a sufficiently important group to study (29 percent of consumer units interviewed in 1992). The sample is further restricted to persons in their second interview who said that most of their earnings during the past year had come from either self-employment or a wage and salary occupation, as opposed to pension or other supplemental income. Those who report most of their earnings are from a wage and salary job are defined as salaried singles, even if they have some self-employment or other income; similarly, those who report that most of their earnings are from selfemployment are classified as self-employed singles, even if they report other income. Additionally, only "valid" reporters of income are included. Salaried singles are valid if the respondent reports positive wage and salary income. Self-employed singles are valid if the respondent reports no negative selfemployment income either from business or farm, and if neither source of income (business or farm) has an invalid response (refusal or "don't know").
The salaried singles (2, 207) were interviewed between 1988 and 1990. The self-employed data are from interviews taking place between 1988 through 1992 in order to achieve a large enough sample (202) to study.
Expenditures. The stronger the relationship to income, the more obvious the shape of the Engel curve (i.e., expenditure as a function of income) is, and the more useful the expenditure is in predicting income. Perhaps the most obvious candidate is total expenditures, since these data clearly should be related to income.
However, some subcategories of expenditures may be better predictors. For example, if all consumers spend about the same share of income on a particular item, then income can be estimated by just multiplying the particular item by the inverse of its income share, whereas total expenditures may have more noise when used to predict income.
Virtually all consumer units have some value reported for total expenditures, but not all incur every type of expenditure. Therefore, it is important that specific expenditures have few non-purchasers; or, if there are a substantial number of zeros reported, they should be meaningful. That is, if almost no one under a certain income ever purchases a certain item, and almost everyone with more than the critical amount makes a purchase, then the zero expenditure may yield useful information. But if purchases of the item are naturally lumpy over time regardless of income(e.g., automobile purchases), then the lack of an expenditure is not a meaningful indicator of level of income. Three candidates are:
food at home, shelter and utilities, and telephone services.
Income elasticity (i.e., the percent change in the expenditure due to a one percent increase in income) might also play a role in predicting income. For example, items with a low elasticity (i.e., less than one) may help predict wage and salary income, which is relatively stable, whereas items with a high elasticity (i.e., greater than one) may better predict the more transitory self-employment incomes, since high elasticity items are by definition more sensitive to changes in income. However, the endogeneity issue is more complicated if individual expenditure categories are used. Some endogeneity may exist for all data users if total expenditures are used. But if food at home is used in imputation, researchers analyzing housing demand will have little concern with endogeneity whereas researchers analyzing food demand will have a greater concern. Therefore, some compromise candidates are proposed, based on Paulin (forthcoming). Basic goods and services (Appendix B) and recreation and related expenditures (Appendix B) have few zeros. The endogeneity problem is lessened with summed expenditures, and a priori, they should have different income elasticities (basic goods should be low and recreation should be high).
Incomes and expenditures are divided by the level of the Consumer Price Index (CPI) for all goods and services for the month in which the interview takes place to control for price changes, because multiple years of data are used in each sample, and incomes and expenditures change with prices.
Demographic Variables. Traditional variables are used to predict income (Appendix B). Interaction terms (age and age squared with education), which are found to be important in Paulin and Sweet (1993) , also have significant explanatory power in the present models, at least for the salaried singles (Table 8) . Housing tenure is used because the Interview survey routinely shows that homeowners report higher incomes than renters. Also, a dummy variable is included describing whether the homeowner has a mortgage. The interaction of this dummy variable and the level of the expenditure variable is used in each regression. Paulin (forthcoming) finds that owners with and without mortgages differ frequently in expenditure pattern, even when income and other characteristics are controlled.
Labor-related Variables. Dummy variables describing type of occupation, whether other forms of labor income are also earned, and other variables describing number of hours per year worked (including the dummy variables FULLTIME and OVERTIME) are included in each model.
Survey attribute variables. Persons with long
interviews may have more expenditures or income information to report than those with short interviews. Incomes may also be better reported during the quarters of the year closest to the tax season. For the self-employed a dummy variable RECESS is included for those who are interviewed in 1991 or 1992. This variable controls for differences in income due to slow economic growth during the period, (see Survey of Current Business [1991] ), which is not covered for the salaried sample.
Transformations. Many authors (Greenlees et al., 1982; David et al., 1986) use the log of income in their models to approximate normality. However, it is not clear that the log transformation is optimal. Scott and Rope (1993) in their study of CE expenditure data describe the many benefits of Box-Cox transformations. The formula is:
(X X-1)/X where X is the variable being transformed and X is a parameter found through maximum likelihood estimation (Scott and Rope [1993] ).
For salaried workers X matches the value that Paulin and Sweet (1993) find for salaried two-member consumer units. Also, for each type of worker X for total expenditures (0.125) and telephone expenditures (0.375) match, indicating a similar distribution of these expenditures regardless of income source. The values of X are shown in Table 1 . Weighting.
The regressions are weighted to reflect the population and to account for sample design effect.
Multicollinearity. Usually, when the goal is to impute a variable, multieollinearity in the model stage is not a serious problem because it is the predicted outcome, and not any individual parameter estimate, that is of interest.
However, if expenditures are perfectly explained by the other independent variables, then it is more efficient to include only expenditures in the model. On the other hand, if processing is more complicated when expenditures are used, it may be more efficient to use only demographics in the model. When expenditures are regressed on characteristics, the largest R 2 is 0.5204 (for total expenditures for the self-employed). Since this value is smaller than the smallest R 2 for income regressed on an expenditure and other characteristics (0.6167 for self-employed food at home model), Kennedy (1992, p. 181) suggests that multicollinearity is not serious. Table 2 shows results of the regressions of expenditures on demographic characteristics. . Surprisingly, none of the shares tested is very useful in predicting income. For the salaried singles the models all have extremely low R 2 values--O.02 or less in each case. The models also predict negative shares for more than one-fourth of the sample regardless of the model.
The coefficient on total expenditures is not statistically significant in any of the models tested. Part of the problem is that so many respondents report extremely large income shares. There are several observations exceeding 100 (meaning that total expenditures are 10,000 percent of wage and salary income). Fortunately, much better results are obtained when transformed incomes are regressed directly on transformed expenditures and demographic characteristics, as described below.
Predictive Power of Expenditures.
For the salaried singles every expenditure tested is statistically significant at the 99 percent confidence. For selfemployed singles only recreation and related expenditures fail the significance test at the 95 percent confidence level.
The highest t-value once again belongs to total expenditures. Table 3 shows the tvalues. But which of these variables adds the most to the R 2 value? The R 2 values for all models of income regressed on expenditures and characteristics are shown in Table 4 . Whether wage and salary or self-employment income is examined, the order of increase in R 2 for each expenditure is the same. That is, in each ease food at home adds the least to R 2, which becomes succerAingly larger in the regressions for telephone services, recreation and related expenditures, shelter and utilities, basic goods and services, and finally total expenditures.
Mean Square Error Comparisons for Actual Income.
The models described above predict transformed incomes, but the real goal of imputation is to predict actual income values. To test how well expenditures predict actual income, a comparison of mean square errors (MSEs) for each expenditure category is proposed in which the transformed value of income is untransformed in the following way:
Y'= (Xy'+ 1) 1/X where y' is the predicted value of transformed income X is equal to 0.375 for wage and salary income and 0.2 for self-employment income Y' is the predicted value of actual income. The MSE is then found by the formula: MSE = E(y-y')2/n where Y is observed income n is the number of observations of Y'. Table 5 shows the MSE values. Once again, the results of the MSE test are similar for both salaried and self-employed singles.
The largest MSE (and therefore the least tight fit) is found for the model in which no expenditures are included. The variables in descending order of MSE are the same as when ranked by increasing R 2 values for the models using transformed variables (Table 4) .
Comparisons of Means and Standard Errors. Another way to determine which models are most useful is to compare the means and standard errors of the predicted incomes to those of the actual incomes to see which models produce the closest results. The income data shown in Table 6 are for the untransformed values. The standard errors of each mean are shown in parentheses below the mean. All statistics in Table 6 are unweighted. Based on the figures above, a series of t-and Ftests can be conducted to test for significant differences between the means and variances of predicted incomes from each of the models and of actual reported incomes.
The results of these comparisons are shown in Table 7 . In almost every case, the t-statistic comparing the mean of predicted incomes to actual incomes shown in Table 6 is statistically significant at the 95 percent confidence level.
All the F-statistics are also signifieanto However, once again the smallest F-statistics are associated with the total expenditure models, and the largest with the no expenditure models. But caution should be taken when interpreting these statistics. When an ANOVA test is performed comparing the mean and variance of the actual incomes compared to the predicted values of the models, the F-statistic is statistically significant for both salaried and selfemployed singles. However, when the model results are compared to each other, the F-statistic is not statistically significant, indicating that the hypothesis that all the models, whether or not they include expenditures, predict similarly on average cannot be rejected at a conventional level of statistical confidence. 
V. Conclusions
If expenditures are to be used to impute income, total expenditures emerge as the best choice by every criteria considered here. However, this study only addresses single persons.
The relationship of expenditures to income becomes more complex as family size, and particularly number of earners, increases.
These relationships warrant fuller examination before expenditures can be recommended for use in imputation.
APPENDIX A: About the Consumer Expenditure Survey (CE)
The CE Interview sample is composed of over 5,000 consumer units per quarter. During the second and fifth interviews the respondent is asked detailed information about several sources of income for the members of the consumer unit who are at least 14 years old; other sources of income are collected for the consumer unit as a whole. Sources include:
Collected for each member: Wages and salaries; self-employment, including owned farms; Social Security and Railroad benefit checks; and supplemental security income.
Collected for the family as a whole: Unemployment compensation; workers' compensation and veteran's benefits; public assistance and welfare; interest (savings accounts and bonds); regular income from dividends, royalties, estates, or trusts; pensions or annuities from private, military, or other government sources; net income or loss from roomers and boarders or other payments received; regular contributions for support, such as alimony and child support; money income from care for foster children, cash scholarships, and fellowships or stipends not based on working; and food stamps.
Consumer Unit: a single person either living alone or sharing a household with others from whom the single person is financially independent; two or more members of a household related by blood, marriage, adoption, or other legal arrangement; or two or more persons living together who share responsibility for at least 2 out of 3 major types of expenses--food, housing, and other expenses.
"Complete" Income Reporters. Families that fit one of the following criteria are complete reporters:
1. All major sources of income for each member are reported as zero or valid blank, and at least one member reported a valid, non-zero value for another source of income.
2. The reference person (i.e., the first member mentioned when the respondent is asked to "Start with the name of the person or one of the persons who owns or rents the home") reports zero or valid blanks for all major sources of income, and at least one other member reported a valid, non-zero amount for at least one major source of income.
3. The reference person reported a valid, nonzero amount for at least one major source of income. Valid blanks result when there is a good reason to leave a question unanswered; for example, a nonworking member has a valid blank for wage and salary income.
For some sources (e.g., selfemployment income) negative amounts can be valid responses.
APPENDIX B: Variable Description
Note:
All income and expenditure variables are divided by CPI for month of interview, and subjected to Box-Cox transformation.
Dependent Variables.
BOXSELF: Self-employment income (business and farm 
